This study assessed whether smoking in the movies was associated with smoking in young adults.
Introduction
A fter falling for several decades, incidence of smoking in movies started increasing around 1990 and by 2000 was comparable to 1950 levels. 1, 2 Exposure to smoking in movies is an important environmental variable that stimulates adolescent smoking initiation. 3 Experimental studies demonstrate that smoking in movies increases nonsmoking adolescents' positive emotions, excitement, and happiness and increases the likelihood that they will associate smoking with status and vitality. 4 Epidemiologic studies detect a strong dose-response relationship between exposure to smoking in movies and adolescent smoking initiation, controlling for sociodemographic factors (gender and ethnicity); personality characteristics (sensation seeking); direct tobacco marketing (ad receptivity); peer influence (exposure to friends who smoke); and parenting. [5] [6] [7] [8] [9] [10] [11] [12] Adolescents in the top quartile of exposure to smoking in movies are two to three times more likely to start smoking than those in the lowest exposure quartile. 8, 13 These findings are consistent with social learning theory, which predicts that behaviors are modeled by observing the behaviors and consequences of behaviors of others. 14 In the case of smoking, adolescents are modeling the behaviors and attitudes of adults as seen in the movies.
While most first cigarette use occurs during adolescence, about one third of adult smokers begin smoking regularly as young adults (aged 18 -25) . 15, 16 Recent work identified young adults as a group at high risk for smoking 17 ; smoking prevalence in young adults is the highest among all age groups at 25.3%. 18 Young adulthood is also the time when most adolescent experimenters either transition to regular use or stop smoking. 19 -21 Young adults also compose the largest share of United States movie viewers, with 34% attending a film at least once a month. 22, 23 This study investigated the hypothesis that exposure to smoking in movies is related to smoking in young adults aged 18 -25. by the commercial research company, Knowledge Networks, which collected the data for this study. Knowledge Network's panel members were recruited from the U.S. population using random-digit telephone dialing and were provided with free Internet access in exchange for completing surveys. Recruiting the panel using random-digit dialing avoided the limitation of spontaneous Internet surveys that rely on volunteers: demographic groups most likely to have Internet access would be overrepresented. Members of the panel included people who were not regular Internet users prior to their recruitment into the panel. Moreover, the Knowledge Networks panel was tested against a random-digit-dialing telephone survey and a large volunteer Internet panel. 24 The Knowledge Networks panel matched the demographics, attitudes, and behaviors of the telephone survey more closely than a volunteer Internet panel, with higher survey completion rates in the Knowledge Networks panel.
Panel members aged 18 -25 were recruited for this study; of 1669 requests, 1325 completed surveys (79.3% response rate). In addition, 203 former panel members aged 18 -25 were recruited to achieve the desired sample size of 1528. All surveys were completed via the Internet between September and November 2005, and analysis was completed in December 2006. The survey was conducted in accordance with a human subjects protocol approved by the University of California, San Francisco Committee on Human Research.
Measures

Dependent Variables
Smoking behavior. Two measures of smoking were used: current smoking (those who had smoked at least one cigarette in the past 30 days) and established smoking (those who had smoked at least 100 cigarettes in their lifetime and now smoked cigarettes every day or some days). These measures were used in the California Tobacco Survey and the National Health Interview Survey (NHIS). 25, 26 Both behavioral measures were dichotomously coded 0 or 1 for absence or presence of smoking.
Independent Variables
Demographics. Respondents' gender was coded 0ϭMale and 1ϭFemale. Highest level of education was coded 0 to 3, (0ϭless than high school; 3ϭBachelors degree or higher). Income level was coded 0 -18 (0ϭless than $5000 per year; 18ϭmore than $175,000 per year). Ethnicity (Caucasian, African-American, other non-Hispanic, Hispanic American, biracial non-Hispanic) was entered as a categoric variable for all analyses.
Exposure to smoking in movies. Following the methods utilized by Sargent and colleagues [5] [6] [7] 13 that demonstrated a dose-response relationship between exposure to smoking in movies and adolescent smoking, each respondent was presented with a list of 60 motion pictures selected at random from the top-grossing 500 movies released between 2000 and 2004. 27 Respondents were asked to indicate which films he or she had seen. Since the survey was conducted over the Internet, subjects also were prompted with a copy of the advertising poster for the film as well as the title to aid recall. As a test of recall or random responding, all subjects were asked if they had seen the non-existent film "Handsome Jack." Only 0.5% of the respondents reported having seen this "film," suggesting that false memory or random responding played little to no role in the study.
As in earlier studies of adolescents, 5, 6, 8, 13, 28 exposure to smoking in the movies was estimated by adding up the total number of smoking occurrences in the 60 movies each respondent reported having seen. Responses were then divided into quartiles of exposure to facilitate comparison with research done on adolescents. [5] [6] [7] 13 The advantage of using Sargent's measure of exposure to smoking in the movies is that it is based on recognition skills, as opposed to measures that ask respondents to recall and list movies they have seen, which requires more-complex memory processes than recognition. 29, 30 This measure also reflects actual exposure to smoking in movies rather than respondents' attention, attitudes, or predispositions to smoking. Sensation seeking. Six items from the ZukermanKuhlman Personality Questionnaire Sensation Seeking facet of the Impulsive Sensation Seeking Scale 32 were used to measure impulsivity (I sometimes like to do things that are a little frightening, I enjoy getting into new situations where you can't predict how things will turn out, I sometimes do "crazy" things just for fun, I like doing things just for the thrill of it, I like to have new and exciting experiences and sensations even if they are a little frightening, and I'll try anything once). Responses were combined by averaging the 5-point Likert scale scores for these questions, with 0 representing the lowest response and 4 the highest. Cronbach's alpha for these questions was 0.85.
Exposure to smoking.
Respondents were asked to report whether relatives, close friends, or coworkers around them smoked. Respondents reported how many people in each of the three exposure groups smoked (none, some, most, or all). Exposure to relatives, exposure to friends, and exposure to coworkers were measured as separate variables since previous research on exposure to smoking in movies included similar exposure variables, such as exposure to friends, exposure to siblings, and exposure to parents. 33 Responses to each of the three questions were coded on a 4-point Likert scale score, with 0 representing the lowest exposure and 3 the highest. Since exposure to relatives and exposure to friends were correlated (rϭ0.43, pϽ0.001), the two questions were averaged to create a composite score called exposure to friends and relatives.
Receptivity to tobacco advertising. Advertising receptivity was measured on the index developed by Pierce and Gilpin 34, 35 to study advertising and teenage smoking. Respondents were asked questions regarding tobacco promotional items and advertisements they had encountered. Advertising receptivity was coded on a 4-point scale: 0ϭnonreceptive (answered no to all questions); 1ϭminimally receptive (could not name a favorite tobacco advertisement but could name a recently seen tobacco advertisement on billboards or magazines); 2ϭmoderately receptive (respondents did not own or were not willing to use a promotional item, but could name a favorite tobacco advertisement); and 3ϭhighly receptive (respondents either had a promotional item or who were willing to use an item). Advertising receptivity was entered as a continuous variable in the statistical analyses. Cronbach's alpha for these questions was 0.61.
Perceived prevalence of smoking. Respondents estimated how many people their age smoke based on their experience using a 10-point response scale with each point representing a 10% range (0ϭ0%-10%; 9ϭ91%-100%).
Statistical Analysis
Univariate and multivariate logistic regression quantified the relationship between current smoking and established smoking as dependent variables and exposure to smoking in the movies (coded as a continuous variable with 0 for the lowest quartile, 1 for the second quartile, 2 for the third quartile, and 3 for the top quartile), exposure to friends and relatives who smoke, exposure to coworkers who smoke, perceived prevalence of smoking, positive expectations of smoking, ad receptivity, sensation seeking, gender, education, income level, and ethnicity as independent variables. Logit plots were created for each variable to test for a linear relationship between these scores and the logit of current smoking. Where the relationship was linear, the variables were treated as continuous predictors. Exposure to smoking in the movies, exposure to friends and relatives who smoke, exposure to coworkers who smoke, perceived prevalence of smoking, positive expectations of smoking, ad receptivity, sensation seeking, education, and income level were entered as continuous variables (Tables 2 and 3 ). Odds ratios indicated increases in odds of being a current smoker or established smoker for each incremental increase in coded category of the variable. Analysis treating number of incidents of smoking in the movies as a continuous variable yielded results consistent with the quartile approach. The quartile data were reported to facilitate comparisons with published results on adolescents.
Examination of logit plots revealed that quartile of exposure to smoking in movies treated as a continuous variable fit the data well, so this single variable was used in the regressions, rather than treating quartile as a categoric variable. This approach directly tested for a dose-response effect. Calculations were done with SPSS 14.0.
Path analysis using Mplus 4.20 tested mediated relationships among variables using weighted least square probit regression to estimate parameters within the model and chi-square goodness of fit, root mean square error of approximation (RMSEA), and weighted root mean square residual (WRMR) to assess how well the model fit the data. 36 Bootstrap estimation was used to determine 95% confidence intervals (CIs).
Results Demographics Table 1 shows that the demographic characteristics of the sample are comparable to the U.S. national average 
Movie Exposure and Current Smoking (30-day Prevalence)
Smoking in movies predicts whether a respondent smoked in the past 30 days ( Table 2 ). The unadjusted odds of smoking significantly increased by a factor of 1.30 for each quartile of exposure to smoking in the movies. This increase in odds corresponds to unadjusted odds ratios (ORs) associated with significant odds of current smoking were exposure to friends and relatives who smoke, perceived prevalence of smoking, positive expectations, ad receptivity, sensation seeking, and ethnicity. Young adults with friends and relatives who smoked were more likely to have smoked. Perceived prevalence of smoking, positive expectations for smoking, ad receptivity, and sensation seeking were also positively associated with recent smoking. African Americans were less likely to smoke compared to Caucasians, AORϭ0.54 (95% CIϭ0.33-0.88). The overall logistic regression model was statistically significant, 14 2 ϭ702.28, pϽ0.001; Nagelkerke R 2 ϭ0.53.
Movie Exposure and Established Smoking
The unadjusted odds of having smoked at least 100 cigarettes and smoking every day or on some days significantly increased by a factor of 1.23 for each quartile of movie exposure (pϽ0.001), corresponding to an OR of 1.86 for the highest quartile of movie exposure ( 
Test of Mediation Between Movie Exposure and Established Smoking
The fact that the direct effect of movies dropped below statistical significance for established smokers once exposure to smokers, attitudes, and personality variables were included in the model suggested that some of these variables mediate the relationship between movie exposure and established smoking. The method of Baron and Kenny 38 was used to identify the variables that mediate this relationship by identifying variables that (1) were related to both movie exposure and established smoking, and (2) when included in the logistic regression, decreased the relationship between movie exposure and established smoking. For each independent variable entered into the logistic regression equation, two-step logistic regressions were computed with movie exposure entered on the first step and one other independent variable on the second step to test whether including that independent variable decreased the estimated relationship between movie exposure and established smoking. Independent variables that caused a significant decrease in movie expo- sure's estimated association with established smoking were identified as potential mediators. A decrease in association was judged worth considering for mediation analysis if the p-value for movie exposure increased from its unadjusted level (pϽ0.001) to pϾ0.01. Variables that did not decrease the relationship between movie exposure and established smoking were eliminated from further consideration. This process identified two potential mediating variables: exposure to friends and relatives who smoke and positive expectations.
Including exposure to friends and relatives who smoke in a logistic regression after movie exposure decreased the odds of smoking from 1.23 (pϽ0.001) to 1.15 (pϭ0.013) per quartile of movie exposure to smoking. Including positive expectations after movie exposure decreased the odds ratio for movie exposure from 1.23 (pϽ0.001) to 1.18 (pϭ0.013) per quartile of exposure to movie smoking. Including both variables reduced the OR for movie exposure to a nonsignificant, 1.11 (pϭ0.13). These logistic regressions suggest that both exposure to friends and relatives who smoke and positive expectations may mediate the relationship between exposure to smoking in movies and established smoking (Figure 2 ).
Probit regression was used to conduct a formal path analysis to compare the relative importance of these two paths. (Probit regression was used because no software existed that would allow a mixture of continuous mediators [exposure to friends' and relatives' smoking and positive expectations] and a dichotomous dependent variable [smoking behavior] and provide a global fit statistic.) A model was hypothesized that showed a causal direction from movie exposure to established smoking because longitudinal studies on adolescents suggest that smoking in the movies causes an increase in smoking. 8, 39, 40 This model allowed exposure to smoking in movies to increase exposure to smoking friends and relatives and positive expectations associated with smoking, with exposure to friends and relatives who smoke and positive expectations increasing the probability of established smoking. The model also allowed a correlation between the two potential mediating variables (without hypothesizing the direction of that relationship). There was no hypothesized direct association between movies and established smoking because the multivariate logistic regression showed that a direct association was not significant. 36, 37 ). Figure 2 shows that both increased exposure to friends and relatives who smoke and increased positive expectations associated with smoking are pathways through which increased exposure to smoking in movies increased established smoking, with the positive expectations pathway accounting for about two thirds of the effect.
Discussion
This study is the first to demonstrate that smoking in movies is associated with smoking in young adults in a dose-dependent manner; the more a young adult is exposed to smoking in the movies, the more likely he/she will have smoked in the past 30 days or have become an established smoker. These results are similar to prior studies demonstrating the effect smoking in the movies has on smoking initiation in adolescents. 3, [5] [6] [7] [8] 13, [41] [42] [43] Exposure to smoking at the highest quartile corresponded to an AOR of 1.77 (1.21 3 ) for 30-day young adult smoking. Previous studies on adolescents reported a strong effect of exposure on smoking initiation, 2.50 13 (95% CIϭ1.7-3.5) to 2.71 8 (95% CIϭ1.7-3.50) for the highest quartile of movie exposure. The effect in young adults is probably smaller than in adolescents for two reasons. First, about two thirds of ever smokers are current smokers by the time they reach their 18th birthday, so many of the young people who are affected by smoking in the movies will have started smoking by the time they reach age 18, leaving fewer people susceptible to starting smoking because of exposure to smoking in movies. Second, studies on adolescents focused on smoking initiation (Have you ever tried smoking a cigarette, even just a puff?), not current or established smoking, because smoking is infrequent among adolescents 7 and not all initiators go on to become current or established smokers. Since most young adults will have smoked a few puffs of a cigarette during adolescence, ever smoking a single puff (initiation) is not an appropriate behavior to study smoking behavior in young adults. The current study on young adults used the most analogous behavior for adolescent initiation: current and established smoking.
Even though the effect demonstrated in young adults is smaller than effects shown in adolescents, the magnitude of the effect of smoking in the movies is comparable to other environmental risk factors for smoking initiation in young adults. For example, tobacco company advertising in bars, clubs, or college campus social events increases the odds of 30-day young adult smoking by a factor of 1.75 (95% CIϭ1.47-2.08), 44 similar to the effect of exposure to smoking in the movies at the highest quartile (odds ratioϭ1.77).
The effect of smoking in the movies on smoking behavior is direct with 30-day smoking and indirect with established smoking. The finding that smoking in the movies is related to recent 30-day smoking suggests that movies may primarily influence young adult smoking by recruiting new smokers. Rather than directly encouraging young adults to smoke frequently, smoking in the movies may instead encourage young adults to experiment with smoking. Once experimentation occurs, other factors become influential in encouraging smoking. As Figure 2 indicates, exposure to friends and relatives who smoke and having positive expectations for smoking-both of which increase with increased exposure to smoking in movies-increase the probability of established smoking. These effects persist even after controlling for a wide variety of other variables, including the effects of cigarette advertising. This model is supported by psychological literature on social learning, modeling, and imitation that suggest that much of behavior is learned by observing others, including those shown on screen. 14, 45, 46 Limitations As in any cross-sectional study, the research can demonstrate only an association between exposure to movie smoking and smoking behavior. Although the model and previous longitudinal studies of adolescents suggest that the direction of the association goes from smoking in the movies to established smoking, the absence of longitudinal data precludes conclusively establishing causality. Future research in the area should consider cohort data, not only to establish causality, but also to provide insight on whether smoking in the movies also causes transitions to elevated levels of smoking (e.g., initiation to established smoking) by including initial questions addressing if and when young adults began smoking and following them across time to see if exposure to smoking in the movies predicts an increase in smoking behavior at later time points.
The use of a pre-recruited panel is also a potential limitation, although the panel was recruited through random-digit dialing rather than simply recruiting volunteers via the Internet. This panel methodology also provides a young adult sample more diverse that in traditional study samples of college students. In addition, the measure of exposure to smoking in movies does not account for the possibility that respondents might watch a particular movie multiple times, so the measure probably underestimates actual exposure. Finally, the fact that the reference category for the logistic regressions was the first quartile of exposure to smoking in movies-as opposed to a truly unexposed group-underestimates the actual effect of exposure to smoking in the movies on young adult smoking behavior.
Conclusion
This study demonstrates that smoking in the movies is both directly and indirectly related to smoking behavior among young adults. Smoking in the movies has a direct association with 30-day smoking in young adults-which probably reflects experimentation and initiation in this group-as well as an indirect effect on established smoking (100ϩ cigarettes). The finding that smoking in the movies is associated with positive expectations for smoking and exposure to friends and relatives who smoke, which in turn is related to established smoking is supported by research done on adolescents. This result is consistent with experimental and epidemiologic evidence in adolescents and young adults that movies directly influence attitudes about smoking. 3, 47 In particular, studies have shown that adolescent smokers hold higher positive expectations for smoking than adolescent nonsmokers. 31, 48, 49 The current study provides insight as to where adolescents and young adults may get these expectations: the movies.
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